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1. Introduction

In the last meeting, the radio problem detection has been discussed. The remained issues include the L3 filter is needed or not and how to detect radio problem in DRX. This paper will discuss them, and firstly we will clarify the L1 radio problem detection mechanisms i.e., if the L1 indicates “in-sync” or not.
2. Discussion
2.1 Clarify the L1 radio problem detection mechanism

According to RAN1 LS R1-080604 [1] and RAN2’s reply in R2-071207 [2], below proposal in [1] is accepted except for the comments that replace the “primitive” by “indication”.

Proposal 3: After each evaluation period of the radio link quality, an “out-of-sync” primitive is reported to higher layers if radio problem detection occurs. When the UE operates in first and second phase of Figure 1, “in-sync” is reported after an evaluation period indicating radio problem recovery. The time instants when to report “in-sync” primitives to higher layers during normal operations could be UE implementation specific or defined in the specification.
However, according to the description of 36.213 and the understanding of paper R2-084048 [3], there may exist two understandings to the mechanism of L1 radio problem detection. This section aims to clarify it.

The first mechanism: no “in-sync” indicated from L1: 

According to the description of 4.2.1
Radio link monitoring in TS 36.213, e.g.:

The UE shall indicate radio problem detection to higher layers when the quality is worse than the threshold Qout and continue until the quality is better than the threshold Qin.
The UE physical layer will report the first indication of radio problem e.g. “out-of-sync” to the higher layer when the quality is lower than the threshold Qout, and continue report it until the quality is higher than the threshold Qin. 

The UE may not report the radio problem recovery indication e.g. “in-sync” to higher layer when the quality is higher than the threshold Qin. i.e., the radio problem recovery could be implied as the act that the L1 stops reporting the “out-of-sync” to higher layer.
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Figure 1 Example of the first mechanism for radio problem detection i.e. no “in-sync” indicated from L1

It seems that the paper R2-084048 [3] in last meeting adopts this mechanism.

The second mechanism: the L1 indicates both “in-sync” and “out-of-sync” to higher layer (similar as in UMTS):
Above mechanism is different from the UMTS solution as indicated in TS 25.214, where the in-sync and out-of-sync is indicated respectively by L1. An example is shown in figure 2. Note: there is a small difference for the method to count the number of successive “in-sync” indications and consecutive “out-of-sync” indications.
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Figure 2 Example of the second mechanism for radio problem detection (similar as in UMTS) 

The first mechanism shown by figure 1 lacks of “in-sync” indication, or we can say the “in-sync” is implicitly indicated by the “empty” indication i.e. the “out-of-sync” indication is stopped. Note: the first “empty” indication will means “in-sync”, i.e. quality is above Qin, but the following “empty” indication may or may not means “in-sync”, e.g., the quality may be in the middle of the Qin~Qout.

We think the second mechanism is more flexible and easier to be understood due to it is same as used in UMTS,
Proposal 1: Clarification to the L1 radio problem detection mechanism: we prefer the second radio problem detection mechanism in LTE i.e. the L1 indicates both “in-sync” and “out-of-sync” to higher layer (similar as in UMTS) 

Below discussion will base on the assumption of the second radio problem detection mechanism.
2.3
L3 filter

The L3 filter for radio problem is used or not will bring some difference:

· It will save 2 counters e.g., N313 and N315 if no L3 filter. 

· If no L3 filter, the timer T310 will have to start/stop more frequently since one “out of-sync” will trigger it start and one ”in-sync” will trigger it stop as well, and the T310 will have to set a little bit longer. 

· Some cases will be treated as radio link failure, e.g., the quality goes into the middle that between Qin and Qout after the first time that it is lower than the Qout, which start the T310. However, if the L3 filter is used, it will not be treat as RLF. 

· Some cases of radio problems will be recovered easier when non L3 filter is used, since one “in-sync” is enough for the radio link recovery.

According to RAN4 LS [6], “it would be preferable to apply some L3 filtering or counter for the out-of-sync indications provided to higher layers, for example such as has been already considered in UTRAN”. We think it is better to have the L3 filter to get a more reliable result about radio link problem detection. Furthermore, for simplicity we propose to  apply the same filter as for UTRAN

Proposal 2: We propose to use the same L3 filter for radio problem detection as in UMTS.
2.3
Consideration with DRX

According to the description in TS 36.133, the measurement is relaxed when DRX is used, e.g., for the intra-frequency measurement, 

· UE shall measure 8 intra-frequency cells during 200ms if no DRX is used or if the DRX cycle is less than or equal to 40ms; 

· UE shall measure 8 intra-frequency cells during 400ms (5 DRX cycles) if DRX cycle is 80ms;

· UE shall measure 8 intra-frequency cells during 800ms (5 DRX cycles) if DRX cycle is 160ms;

· …
Therefore, we assume 

· UE will not measure the serving cell during DRX sleep period for most cases; 

[NOTE] There is one issue unclear: should the UE L1 do continuous measurement if the “out-of-sync” is found. i.e., if the UE should wake up for measurement if the “out-of-sync” is found during the on-duration time of DRX.

· L1 needs not indicate the higher layer of the “in-sync” or “out-of-sync” when no measurement is performed for the serving cell during DRX sleep period.

According to RAN4 LS [6], “it was agreed by RAN4 that scaling would apply to out-of-sync evaluation windows for link failure monitoring”, that means in DRX mode, the evaluation time for “out-of-sync” will be longer than 200ms, e.g., for DRX cycle length > 40ms, it needs 5 DRX cycles to evaluate a “out-of-sync” indication as indicated in [7].

A couple of possible solutions has been discussed, for radio problem detection when DRX is used.

1) Solution 1: UE does measurement only in the DRX on-duration period even the “out-of-sync” is found:
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2) Solution 2: If the “out-of-sync” is found, the UE continues the measurement even during DRX sleep period until the “in-sync” is found. i.e. it is almost same as the treatment during non-DRX mode.
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3)
Solution 3: the filter for “out-of-sync” and “in-sync” i.e. N313 and N315 will be scaled, i.e., become smaller for DRX mode. This can be done automatically e.g. the N313 in DRX mode =N313 * (40/DRX-cycle_length) or configure additional scaling parameters for N313/N315. This solution could have smaller delay than solution 1 for the detection of radio problem. However, it will decrease the effect of filter and decrease the reliability of radio problem detection.
We prefer the solution 2, because:

· The solution 2 can provide more measurements than solution 1 during the same period of time if the out-of-sync” is found, the solution 2 is better than the solution 1 & 3 to show the real change of the radio environment in time. 

· If the “out-of-sync” is detected, usually it is in bad radio condition. In order to provide good mobility performance, we think it is better the UE could give up the sleep to take more time for measurement until the “in-sync” is detected.

· The criterion for radio problem detection could be the same both for DRX is used or non-DRX is used if adopt solution 2. However, if the solution 1 & 3 are adopted, the criterion will have to be different due to the insertion of the DRX sleeping period and the scaling filter parameters. 

Although more UE power consumption is needed for solution 2 due to measurement to serving cell in sleeping period if “out-of-sync” is found, the delay for radio problem detection in DRX mode will be reduced and reliability can be ensured.

Proposal 3: If DRX mode is used, we prefer the solution 2 that UE should continue the measurement of serving cell if the “out-of-sync” is found (almost same as for non-DRX) for radio problem detection.
3. Proposal

According to the discussion above, we suggest RAN2 discuss above two radio problem detection mechanisms and select one, and ask RAN1 to clarify the understanding of TS 36.213 if needed. We slightly prefer the below proposal: 
Proposal 1: Clarification to the L1 radio problem detection mechanism: we prefer the second radio problem detection mechanism in LTE i.e. the L1 indicates both “in-sync” and “out-of-sync” to higher layer (similar as in UMTS).

Proposal 2: We propose to use the same L3 filter for radio problem detection as in UMTS. 
Proposal 3: If DRX is used, we prefer the solution 2 that UE should continue the measurement of serving cell if the “out-of-sync” is found (almost same as for non-DRX) for radio problem detection.
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